This study was conducted to investigate the effect of hatching weight (HW) on the growth, immunity and oxidative status of broilers for 21 d. Male chicks (Arbor Acres) were divided into 2 groups according to HW (51.30± 0.21 and 42.97±0.11 g, respectively), each of which consisted of 8 replicates of 10 birds. Chicks with high HW exhibited heavier body weight in the first two weeks (P＜0.05). Concentrations of total protein (TP), globulin (GLB) and albumin (ALB) were higher in broilers with heavier HW at d 14, 14 and 7, respectively (P＜0.05). At d 7, heavier chick exhibited a higher liver glutathione (GSH)/oxidized glutathione (GSSG) ratio (P＜0.05), which may result from simultaneously decreased GSSG content (P＝0.092). Meanwhile, a trend for decreased serum malondialdehyde (MDA) (P＝0.055) and total corticosterone (CORT) content (P＝0.086) was observed in heavier chicks. In addition, heavier chicks tended to have a higher serum GSH content at d 21 (P＝0.063). A higher HW would exert a significant effect on the body weight and oxidative status of broilers but not on nutrient digestibility and immune function at immediate posthatch, which then gradually disappeared as birds grew older.
Introduction
Hatching weight (HW) is one of the major factors which can affect the growth performance of broilers and is generally positively associated with subsequent growth performance (Noy and Sklan, 1997) . Reports have indicated that broiler with heavier HW is likely to have improved growth rate, better feed utilization and higher final weight (Shanawany, 1984; Wilson, 1991; Singh and Nagar, 2006) .
The different subsequent growth performance of broiler that differs in HW may result from nutrient digestibility capacity, which is well known to affect the growth performance of poultry exhibiting a prominently high growth rate. Meanwhile, other factors as immunity function and antioxidant capacity may also account for this phenomenon. It is well known that function of immune and antioxidant system are associated with the growth of livestock. Immune challenges and oxidative stresses, either detectable or undetectable, which can cause diversion of nutrients away from growth in support of immune-related processes and synthesis of various antioxidants in cells, are considered as major obstacles to animals' achieving their genetic potential for growth or efficiency of gain (Altan et al., 2000; Iqbal et al., 2004) . The selection of broilers for rapid growth or increased body weight used in commercial poultry industry has made monumental gains in the production. However, numerous studies have shown that such selection may be coincidentally accompanied by decreased resistance to disease or reduced immunological response (Han and Smyth, 1972; Mauldin et al., 1978; Liu et al., 1995; Saif and Nestor, 2002; Cheema et al., 2003) . Thus, broilers that differ in HW may have different immunological responses due to the subsequent growth performance. Electron transport chain of the mitochondria is the major source of cellular reactive oxygen species (ROS), and increased ROS overwhelming the cell' s antioxidant protection can lead to indiscriminate damage to DNA, proteins and membrane lipids (Yu, 1994) . Numerous endogenous antioxidants provide protection against cellular oxidation, oxygen and other derived free radicals and so on (Frei, 1994) . Of them, the reduced glutathione (GSH), a thiol antioxidant ubiquitous in cells which is synthesized from its constituent amino acids mainly in the liver (Wang et al., 1997) , has a crucial role in the detoxification of free radicals (Griffith and Meister, 1985; DeLeve and Kaplowitz, 1991) and is one of the sensitive indicators of the oxidative stress among the components of glutathione system (Troncoso et al., 1997) . Several studies have demonstrated that the oxidative status of broilers was associated with feed efficiency and broilers with low feed efficiency exhibited high oxidative status in breast muscle, liver and intestine as indicated by GSH content Iqbal et al., 2004; Ojano-Dirain et al., 2005) . We therefore supposed that broilers with different HW may also exhibit different antioxidant capacity due to the different feed utilization.
These facts mentioned above suggest that broilers that differ in HW may also have different nutrient digestibility, immunity function and also oxidative status in cells due to the different growth rate, body weight and utilization of feed that may exist or not. However, previous researches mainly focused on the HW effect on growth performance of broilers (Shanawany, 1984; Wilson, 1991; Singh and Nagar, 2006) . Our previous research (Chen et al., 2013) firstly found that HW could affect the growth performance and oxidative status of broilers at the early age, but we failed to investigate the effect of HW on immune function and nutrients utilization in that study. The present study was therefore conducted to further explore HW on the growth performance, oxidative status and especially nutrient digestibility as well as immune function broilers at the early age.
Materials and Methods
The animal care and use protocol were approved by Nanjing Agricultural University Institutional Animal Care and Use Committee.
Experimental Design, Diets, and Management
Male commercial broiler chicks (Arbor Acres) taken within 2 h of clearing shell from the same maternal flock at 52 wk of age were weighed individually and were separately divided into 2 groups according to HW (51.30±0.21 and 42.97±0.11 g, respectively) , each of which consists of 8 replicates of 10 birds. Birds were randomly placed into 16 wire cages (8 cages per group). A maize-soybean meal diet (Table 1) provided for all birds was used for a 21 d study. Birds were housed in an environmentally controlled room. The temperature was maintained at 32℃ from d 1 to 7, which was then gradually reduced to 26℃ at the rate of 3℃ per week and was maintained at this temperature to the end of experiment. Continuous light was provided for the entire period of experiment. Feed and fresh water were available ad libitum at all times. Body weight and feed consumption on a cage basis were recorded weekly to calculate the weight gain, feed intake and feed conversion rate.
Sample Collection
On d 7, 14 and 21, 8 chickens from each treatment (1 bird per pen) were selected randomly and killed by cervical dislocation following blood sampling after withdrawal of feed for 12 h. Serum was collected by centrifugation at 3,000×g for 15 min at 4℃ and stored at −20℃ until analysis. After decapitation, liver samples were excised and stored at −20℃ for analysis. The bursa, thymus, and spleen were then collected and weighed to obtain the relative organ weights using the following formula: Relative immune organ weight (g/kg) = immune organ weight (g) / body weight (kg).
Fresh blood was obtained by wing (2 birds per replicate) veins into nonheparinized tubes for Newcastle disease virus (NDV) hemagglutination inhibition assay (Yang et al., 2008) on d 14 and 21 of age after attenuated NDV IV (Tian bang Biological Co. Ltd., Nanjing, China) vaccine inoculation s. c. at age of 9 d. The nonheparinized blood samples were then centrifuged at 3,000×g for 15 min at 4℃ to separate serum. The hemagglutination titer for a serum was the reciprocal, expressed as log2, of the highest serum dilution that gave 100% agglutination.
Determination of Antioxidant Parameters
Serum: Reduced glutathione (GSH) content was measured with the modified Beutler method (Zhang and Meng, 1989) , and the methodology used in determining glutathione peroxidase (GPX) activity was the dithio-nitro benzene method described by Hafeman et al. (1974) . Both GSH concentration and GPX activity were quantified with 1200 UV spectrophotometer (Mapada Instruments Co., Ltd, Shanghai, China) using a corresponding diagnostic kit (Nanjing Jiancheng Bioengeering Institute, Nanjing, China). One unit of GPX activity in serum was defined as the amount of enzyme per 0.1 mL of serum that would catalyze the conversion of 1 μmol/L of GSH to oxidized glutathione (GSSG) at 37℃ in 5 min. GSH concentration was expressed as mil- ligram per liter of serum. Serum malondialdehyde (MDA) content was determined by thiobarbituric acid method described by Placer et al. (1966) using commercial kits mentioned above and expressed as nmol per milliliter of serum.
Liver: Approximately 0.3 g of liver samples were homogenized (1: 9, wt/vol) with ice-cold 154 mmol/L sodium chloride solution using an Ultra-Turrax homogenizer (Tekmar Co., Cicinati, OH), and then centrifuged at 4,000× g for 15 min and at 4℃. The supernatant was used for assaying GPX activity and GSH as well as MDA content in spectrophotometer as described above for serum samples. As for the determination of GSSG content, liver samples were prepared by homogenizing 0.1 g of tissue with cooled 5% metaphosphoric acid (1: 4 wt/vol), then centrifuged at 4,000×g for 15 min at 4℃. The supernatant was measured for GSSG content according to the modifications of existing method (Tietze, 1969 ) using a reagent provided by the same company aforementioned. All results were normalized to total protein concentration in each sample for inner-sample comparison. Briefly, one unit of GPX activity was defined as the amount of enzyme per mg protein of liver tissue of that would catalyze the conversion of 1 μmol/L of GSH to oxidized GSH at 37℃ in 5 min. GSH and GSSG was expressed as mg per gram protein of liver. MDA was expressed as nmol per milligram protein of liver
Measurement of Serum Biochemical Parameters
Serum samples were analyzed for lysozyme (LZM) content with a LZM assay kit (Nanjing Jiancheng Bioengeering Institute, Nanjing, China). The methodology used in the kit was described by Kreukniet et al. (1995) using Micrococcus lysodeikticus cells as substrate. Serum total corticosterone (CORT) and immune globulin (IgG) was measured using a commercial available 125 I-RIA kit (Beijing Research institute of Biotechnology, Beijing, China) according to the manufacturer's guideline. Concentration of total protein (TP) and albumin (ALB) were determined by a Wasson1600 automatic biochemical analyzer (Wasson, Dutch). Globulin (GLB) content was calculated as the difference between TP and ALB.
Nutrients Utilization
Excreta was collected twice per day from a plastic tray placed under the cages, stored at −20℃ and finally pooled for each cage from day d 8 to 10 and d 18 to 20, respectively. The excreta samples were then dried for 48 h in an oven at 65℃. The dried excreta were allowed to equilibrate to atmospheric conditions for 2 h before being weighed. Feed and excreta samples were then ground through a 0.45-mm screen. The samples were analyzed (AOAC, 1990) for dry matte (DM, 934.01), ether extract after HCl treatment (EE, 920. 39), nitrogen (N, 988. 05). Based on the results of chemical analyses, the apparent digestibility of DM and EE, and N retention were calculated using the acid-insoluble ash (Acid-insoluble, 920. 72) concentration of feces relative to feed according to Scott and Hall (1998) .
Statistical Analysis
Data was analyzed by Student's t test. All analyses were performed using the SPSS (Ver.16.0 for windows, SPSS Inc., Chicago, IL, USA). Difference was considered significant if P＜0.05, and P value between 0.05 to 0.10 was considered as a trend.
Results and Discussion
The superior body weight of chicks with heavier HW only maintained 14 d (P＜0.05) in our study ( Table 2 ). After that, this positive effect vanished though the body weight was still numerically higher at 21 d (783 g VS 768 g). The result in the present study was in agreement with the report by Pinchasov (1991) who noted that initial high correlation between HW and subsequent performance decreased markedly during growth and reached minimum at 10 d of age (breeder ages 52, 55 or 57 wk), but was contradictory to the lasting effect of HW on the later growth of broiler chickens (Shanawany, 1984; Wilson, 1991; Singh and Nagar, 2006; Chen et al., 2013) . The discrepancy may be due to diet composition, gender, experimental phase, age of the parents. The higher body weight within the first two weeks was not likely to result from similar weight gain, feed intake and feed conversion rate (P＞0.05, data not shown). In addition, heavier body weight was also not due to nutrients utilization either since broilers that differ in HW had similar apparent nutrients digestibility and nitrogen retention as indicated in the organism and the changes happening to it under influence of internal and external factors including nutrient availability (Toghyani et al., 2010) . In current study, concentrations of TP, GLB and ALB (Table 3 , P＜0.05) were higher in broilers with heavier HW at d 14, 14, and 7, respectively. However, the higher serum metabolic parameters in heavier birds were not likely to result from nutrients utilization of feed. Wolanski et al. (2004 Wolanski et al. ( , 2006 has shown that HW included an unknown amount of residual yolk varying between 0.8 to 10.6 grams and there was a negative relationship between the yolk free body mass and the amount of residual yolk. In the immediate post-hatch period yolk is used for maintenance (Anthony et al., 1989) and for intestinal growth (Noy and Sklan, 1996) . Further, Murakami et al. (1992) reported that yolk was absorbed independent of feed intake. We therefore speculated that desired heavier body weight and higher serum metabolites lasted in the first two weeks may be because of heavier yolk sac weight and better utilization of residual yolk in the heavier chicks, which then disappeared along with the vanished residual yolk. Besides, research has demonstrated that in the days following hatching the weight of digestive organs as small intestine increased rapidly in relation to body weight (Sell et al., 1991; Noy and Sklan, 1997) , microscopic examination of the small intestine at different ages of poultry indicated that the intestine increased in length and diameter up until about 14 days (Noy and Sklan, 1997) . It is then tempting to assume that a large bird may present a bigger and heavier gastrointestinal tract in the first two weeks and therefore heavier body weight since the heavier chicks may have heavier yolk sac weight for intestinal growth (Noy and Sklan, 1996) , which then gradually disappeared when the development of gastrointestinal tract achieved mature in chicks with different HW around the 14 days after hatch. The growth of lymphoid organs of broilers that differ in HW showed general similarity due to the unaffected relative weight (only a trend for heavier relative weight of thymus was noted for high HW broilers at d 7, P＝0.064) ( Table 5 ). LZM present in the external secretions, polymorphonnuclear leukocytes and macrophage is highly active against grampositive bacteria and LZM found in the serum can destroy the glucosidic bond in the cell wall of Escherichia coli and Staphylococcus as a result of the phagocytic activity (Zhang et al., 2005) . Anti-NDV antibody and IgG are usually used as indicators to evaluate the immunity function of broilers. Dynamic equilibrium between the growth and immunity function may exist in animal. Boa-Amponsem et al. (1991) suggested that demands for fast growth, whether genetically induced or imposed by nutritional manipulations, resulted in deprivation of resources to systems that determine general fitness. In addition, a theory on the allocation of available energy resources toward either growth or the immune system has also been suggested (Qureshi and Havenstein, 1994) . A positive correlation between enhanced antibody as anti-NDV antibody and decreased body weight has been found in chickens (Martin et al., 1990; Parmentier et al., 1998) . However, we unfortunately found that HW exerted no significant effect on the serum LZM content, IgG content and anti-NDV antibody titers during the entire experiment despite the fact that HW had positive effect on the body weight (Table 5 ). This may be because body weight is not always necessarily associated with antibody production as well demonstrated in the findings by Takahashi et al. (1984) in Japanese quail and by Pitcovski et al. (1987) in chickens. GSH is one of the sensitive indicators of the oxidative stress among the components of glutathione system (Troncoso et al., 1997) . GPX, the component of glutathione system, catalyzes the decomposition of lipid hydroperoxides and other ROS in the presence of GSH which acts as free radical scavenger, while GSH is oxidized (Hornsby and Crivello, 1983) . The oxidized component of glutathione redox system, GSSG, indicates oxidative stress in the same way as the GSH. In addition to changes of the level of GSSG and GSH, the GSH/GSSG ratio is a more accurate and sensitive indicator of oxidative stress (Avanzo et al., 2001; Kaneko et al., 2001) . MDA is the main end product of lipid peroxidation by ROS and increased MDA level is an important indication of lipid peroxidation (Sumida et al., 1989) . In our study, heavier chick exhibited a higher liver GSH/GSSG ratio (P＜0.05) and decreased serum MDA content (P＝0.055) at d 7 (Table 6 ). The elevation in GSH/ GSSG ratio may entirely due to a simultaneous decrease in GSSG content (a decreased trend was observed, P＝0.092), but not the increased in GSH (P＞0.05). The similar effect was also observed for serum GSH in heavier broilers at d 21 (P＝0.063) ( Table 6 ). These measured antioxidant parameters above indicated the redox homeostasis was superior in heavier broilers, which was similar to the report by Chen et al. (2013) who reported broilers with HW exhibited a favorable antioxidant status when receiving diet contained relatively lower methionine content as evidenced by higher GSH content and lower GPX activity in the liver at d 7 and 21, respectively. Studies have reported that low feed efficient broilers exhibited a higher oxidative stress compared with high feed efficient birds and glutathione antioxidant system may be responsible, in part, for the observed differences in feed efficiency and antioxidant status between the high and low feed efficiency broilers Iqbal et al., 2004; Ojano-Dirain et al., 2005) , but in present study the superior oxidative status in heavier chicks was not associated with the feed utilization. As CORT is a powerful trigger of oxidative stresses (Lin et al., 2004) , the higher serum CORT content, though only a trend (P＝0.086), could partially explained the compromised antioxidant capacity in chicks with lower HW. The gradually disappeared superior antioxidant capacity in heavier broilers may be because that heavier chicks would be well prepared to deal with oxidative stresses induced by various stress under normal conditions at the immediate posthatch and this effect then vanished as birds grew older when chicks became sufficiently enough to cooperate with the oxidative stresses. The increase in ALB is likely to exert protective effect on antioxidant system by binding metal ions (Halliwell, 1998) . Besides, ALB has been reported to increase intracellular GSH levels (Cantin et al., 2000) . We found that heavier chicks possessed higher serum ALB content at 7 d, which was in consistent with simultaneous antioxidant parameters in the serum and liver, showing that ALB may also contribute to the temporary favorable oxidative status of heavier broilers. In addition, it has been reported that lean chicks required a higher concentrations of sulfur-containing amino acids than fat-type chicken (Geraert et al., 1987; Leclercq et al., 1993; Alleman et al., 2000) , indicating that chicks with different HW may also have different sulfur-containing amino acids requirement, which was partially evidenced in the our previous finding (Chen et al., 2013) . Sulfur-containing amino acids as methionine and cysteine play vital role in the antioxidant system (Bunchasak, 2009; Tesseraud et al., 2009) . Thus, the compromised antioxidant capacity of light broilers at early age may be due to a higher sulfur-containing amino acids requirement and compromised antioxidants synthesis ability, which would gradually disappeared as the feed intake increased.
In conclusion, a higher HW would exert significant effects on the body weight and oxidative status of broilers as evidenced by the parameters measured above at the immediate posthatch, which would then gradually vanished as birds grew older. However, contradictory to our hypothesis, the immune function and nutrients utilization were not affected by HW, indicating these two factors may not contribute to the different subsequent performance in the present study.
